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20 Claims. 

This invention relates to a portable arc Welding 
device in which the device is brought into con 
tact With the material to be Welded by an Oper 
ator and more specifically to an arc Welding de 
vice in which the movable welding element is 
actuated by an alternating current Only during 
the time that the welding operation is in prog 
eSS. 

In devices of this character heretofore devised, 
such for example, as the device disclosed and 
claimed in the German Patent No. 662,973, where 
in the arc extinguishes when the voltage goes 
through zero and the movable Welding element 
is maintained in continuous reciprocal Operation 
at constant frequency and amplitude regardless 
of whether a welding arc has been Struck. In 
certain other of these devices heretofore in use 
in Germany, the control of the Welding current 
is obtained by a rheostat in Series with the Sole 
noid of the Welding device or by a tapped Sec 
ondary transformer, as the case may be. Such 
devices have not been altogether Satisfactory 
under the conditions of Service for the reaSOIn 
that reciprocal movement of one of the conduc 
tors synchronously with movement of the plung 
er caused frequent circuit interruptions, the 
initial spring bias on the plunger progressively 
decreased with use and considerable changes in 
the circuit constants were necessary when Weld 
ing different kinds of material. The Well known 
arc Welding process which has been in use for 
a considerable period of time is not uSable for 
welding Small wires because it is difficult to ob 
tain reliable connections. 
These disadvantages have been overcome in the 

device of the instant invention by the arrange 
ments of circuits and parts comprising the Struc 
ture of the device as will hereinafter appear in 
greater detail. 
The use of a portable arc Welding device as in 

the instant invention has advantages over the 
conventional method of Soldering especially in 
the assembly of electronic and electrical equip 
ments where numerous connections between wires 
and wires to terminals must be made by permit 
ting a considerable reduction in time and heat 
required for each operation as well as the elimi 
nation of the use of flux material such as tin 
to reduce Surface oxidization and lower contact 
resistance between connections due to a more 
homogenous fusion of the materials of the joint. 

It is a primary object of the present invention, 
therefore, to provide a new and improved port 
able welding device having a spring biased mag 
netically reciprocated electrode operated from an 

20 

2 
alternating current source in such manner that 
Current flows and the device operates only on 
contact with the material to be welded and the 
Current Stops flowing and the device ceases oper 
ation when the weld is completed. 

It is a further object of the invention to pro 
Wide a welding device using a transformer having 
a high leakage reactance to provide a phase shift 
Whereby the arc current is sustained for a period 
of time after the voltage of the source has de 
Creased to zero magnitude. 

It is also an object of the present invention to 
provide a welding device to operate on alter 
nating current wherein a stable arc is provided 
during Successive phases of a welding operation 
So that a high current flows in the arc at the 
time the greatest amount of material is to be 
melted. 
It is a further object of the invention to provide 

means to compensate for variations in the initial 
tension of the movable element biasing spring 
caused by erosion of the carbon element affixed 
to one end thereof whereby the welding condi 
tions are unchanged as the result of erosion of 

25 the movable welding element when employed in 
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Welding the same size and kind of material. 
It is a further object to provide resilient ad 

justing means and control therefor to move the 
Welding electrode into contact with the material 
to be welded whenever the welding process is 
initiated. 

It is a further object to eliminate the bending 
movement of all electrical leads during a welding 
Operation and the frictional retardation effects 
caused by Such bending on the operation of the 
plunger during a welding operation. 

It is a further object to provide in a portable 
Welding device a plurality of detachable nose or 
Shield elements of different size, structure and 
material which are employed selectively in ac 
Cordance With the particular condition of weld 
ling. 

It is a further object of the present invention 
to provide a portable welding device which is 
simple to Operate and can be used to join wires 
of Small diameter or wires to terminals at a con 
Siderable Saving of time over the conventional Soldering technique. 
Other objects and many of the attendant ad 

vantages of this invention will be readily appre 
ciated as the same becomes better understood by 
reference to the following detailed description 
When considered in connection with the accom 
panying drawings wherein: 

Fig. 1 is a sectional view of the device in ac 
cordance with a preferred embodiment thereof; 
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Fig. 2 is a view in section of an alternative foln 
of the device; 

Fig. 3 is a circuit diagram Suitable for use With 
the devices of Figs. 1, 2, 4, 5 and 6; 

Fig. 4 is a view in Section of a modified form 
of the device showing a trigger arrangement for 
advancing the electrode; 

Fig. 5 is a sectional view of another form of 
the device having a flexible electrode holder; 

Fig. 6 is a view partly in section of a modified 
nose structure for joining insulated and non 
insulated conductors; 

Fig. 7 is a sectional view of a modified form of 
a partially open nose or shield structure; 

Fig. 8 is a sectional view of another form of a 
partially open nose or shield structure; 

Fig. 9 is a trace of an OScillogram showing the 
relation among certain electrical phenomena 
existing during the initial portion of a welding 
Operation involving copper to iron; 

Fig. 10 is a trace of an oscillogram similar to 
Fig. 9 for the final portion of a welding operation 
involving copper to iron; and 

Fig. 11 is a vector diagram showing the phase 
relation of certain electrical phenomena during 
a Welding operation. 

Referring now particularly to Fig. 1 there is 
shown thereon the Welding device in accordance 
With a preferred form of the invention compris 
ing a cylindrical casing preferably composed 
of insulating material and provided with a bear 
ing cap at one end thereof and a detachable 
nose or shield 2 secured to the other end thereof 
as by the screw 3. The nose or shield 2 is 
COinposed of material Such as brass and provided 
With a bore is thereiin in face adjacency with a 
Second bore is of Somewhat greater diameter 
Within which is disposed a washer 26 in abutting 
relation with a bearing 6 preferably composed 
of Ceramic material and having a bore therein 
adapted to slidabiy receive a carbon welding rod 

... ihe rod i is secured to a magnetic plunger 
is slidably disposed within a sleeve 9 having 
flanged ends 2 and 22 between which is disposed 
the Solenoid coii. 23. The ends 2 and 22 are 
slidably arranged within the casing ( and nor 
naily urged against a shoulder 26 by a spring 25. 
One end of the Spring 25 engages the inner end 
of nose or shield 2 and the other end is in abut 
ting engagement With a metallic washer 26 insu 
lated from the sleeve 9 in any suitable manner 
aS by the nenber 2. The washer 2S is con 
nected to a conductor 28 disposed within aligned 
apertures formed within the coil and end caps 2 
and 22 respectively from whence the conductor 
28, which may be in the form of a flexible wire 
or a Strip of metal, continues through a suitable 
aperture 39 within the bearing cap to a source 
of alternating current received from the second 
2.ry of a transformer, sufficient slack at 29 being 
provided to a 11OW endwise movement of the coil 
aSSeinbiy. 
While the device has been described as having 

a Solenoid slidably mounted relative to the cas 
ing , it is also possible that the device may be 
arranged So that the solenoid 23 is rigidly se 
Cured to the casing 30 and the nose or shield 2 
is Spring biased and movable - relative to the 
Casing . 
One end of the coil winding is connected to the 

sleeve 9 as at 3i and the other end of the coil 
is connected to conductor 32, sufficient slack 
being provided in the conductor to parmit end 
Wise movement of the coil. The conductor 32 
extends through a second aperture 4 in the 
bearing cap . 

O 
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4. 
The plunger 8 is provided with a shoulder 33 

in abutting engagement with a Spring 3 where 
by the plunger is urged in the direction of the 
nose or Shield of the device. Secured to the 
inner end of the plunger 8 is a nonnagnetic rod 
35 provided with a knurl or slot 36 in one end 
thereof for adjusting the position of an insulated 
sleeve 3 threadably secured thereto as at 38 
whereby the inner end of the Sleeve 3 is en 
pioyed as a stop against end 2 when the device 
is in an unoperated condition. The tension of 
Spring 34 is adjusted to any desired value by the 
sleeve 3, and rod 35 aforesaid. There is also 
provided an operating pin 39 threaded within the 
end cap 22 and adapted for longitudinal move 
ment Within a slot 4 formed Within the casing 
49, which alternatively could be a series of 
notches. 
The operation of the device Will now be de 

Scribed. I let it be aSSumed, by way of example, 
that the conductors 28 and 32 are connected to 
the Secondary of transformer 42, Fig. 3, and that 
he primary of the transformer is continuously 
energized by an alternating current. The nose 
or shield 2 of the device is brought into engage 
ment with the materiai to be welded and the pin 
33 is moved within the slot 4 until the rod 
engages the material, the Coil assembly noving 
axially Within the Casing until the rod g has 
eigaged the naterial. During Such novernent 
the spring 25 is compressed by the forward 
Govement of pin 33 which is held in position until 
a welding Operation is completed. 
Upon contact of the rod 7 with the material 

to be Welded a circuit is closed froin the second 
ary of the transformer by way of conductor 32, 
coil 23 and thence by Way of sleeve 9, plunger 
it and rod i to the material to be weided from 
Whence the circuit is continued by way of nose 
f2, Spring 25, Washer 26 and conductor 28 to the 
other end of the Secondary of the transformer 
Winding thereby energizing the coil and causing 
the plunger 8 to be drawn into the coil against 
the pressure of the Spring 34, Fig. 1. As the rod 
fi thus moves away from the work an arc is set 
up therebetween. When the plunger has been 
i?etracted Sufficiently or the alternating voltage 
has dininished Sufficiently, as the case may be, 
to extinguish the arc, the coil is deenergized and 
the irod f is again moved into contact with the 
imaterial by Spring 34. This cycle of operations 
is continued until sufficient materiai has been 
Welded to prevent reestablishment of the circuit 
to the coil as the rod ii reaches the limit of end 
Wise moveinent and the sleeve 37 engages the 
eilti cap 2 i. When this occurs the pin 39 is 
allowed to move to the initial position shown on 
the drawing. 

Referring now to Fig. 2 on which is shown an 
alternative form of the device, the nose is com 
posed of a detachable tip section 43 secured in 
any Suitaiole manner to the main body of the nose 
or Shield 43. The advantage of this nose or 
Shield arrangement resides in the provision of 
Sinall removable tip sections which may be re 
placed as desired when the tip has been sufi 
ciently eroded by welding action or when a dif 
ferent kind of material is to be welded or the 
material is located in cramped quarters. The 
Stop 33 for the Spring 34 is adjustably secured to 
the plunger 8 in any suitable manner as by 
threading the parts together whereby the initial 
tension of the Spring 34 may be adjusted. In 
this arrangement the rod 46 secured to the 
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plunger 8 is provided with a head 47 for limit 
ing the forward movement of the plunger 8 
with respect to the coil 23. 

In each cf the foregoing arrangements the ini 
ial tension of spring 34 is unaffected by erosion 
of the carbon rod if, it being merely necessary 
to move the pin 39 forwardly until the carbon 
rod contacts the material to initiate a Welding 
Cycle. 
By providing a transformer in which the pri 

mary and secondary windings are respectively 
disposed on opposite legs of the transformer core 
as shown in the drawing and which has high 
leakage fluxes, the flux set up by the secondary 
current opposes the fux set up by the primary 
current causing a secondary voltage drop and a 
phase shift With respect to the primary voltage 
which tends to Stabilize the arc. Whereas the 
transformer illustrated in Fig. 3 is of the WindoW 
type, other types Inay, if desired, be employed 
such, for example, as a closed core transforme!' 
having both windings on the center leg, it being 
merely necessary to provide a closed core trans 
former in which the windings do not overlap. 
An adjustabie ferro-magnetic flux leakage path 

in addition to the path through the transformer 
core may be provided in combination with the 
transforiner, if desired, to permit varying the arc 
current for different kinds and sizes of nate 
rial. For example, a strip of soft iron may be 
higedly attached to a portion of the transformer 
core and made adjustable so that the flux path 
in air around the core may be varied to obtain 
the proper voltage drop on the Secondary Side 
of the transformer necessary for a Stable arc. 
No appreciable fiux in the additional path Will 
be present in the absence of secondary current 
but any time a secondary current flows, the flux 
produced by this current opposed the flux pro 
duced by the primary coil and flux leaves the 
iron core and enters the Surrounding ail. By 
providing a ferro-magnetic path in the air path 
surrounding the core, the opposing flux lines will 
pass through the additional ferro-magnetic path 
and therefor more fux lines Will leave the trans 
former core resulting in an increased secondary 
voltage drop which may be controlled by adjust 
ing the distance between the additional Soft iron 
strip and the transformer core. The above de 
scribed manner of adjusting the transformer Sec- : 
ondary voltage drop by providing a variable flux 
path of higher permeability than air, external of 
the transformer core, is old and well known and 
is not considered a part of the present inven 
tion. 

Fig. 3 shows the circuit diagram of the device. 
The solenoid 23 is in Series With the arc, which 
is struck oniy during each cycle when the Weld 
ing element contacts the work and when the 
current and voltage of the source are of the 
proper magnitude. During each cycle the arc 
current and arc voltage are in phase, the sole 
noid voltage and the transformer voitage drop 
due to the transformer inductive reactance are 
out of phase by about 40° with the transformer 
seconday voltage. This phase shift permits the 
arc to be sustained for a short period after the 
Source voltage has passed through Zero thereby 
providing a more stable arc. In a Welding cycle, 
as the source current increases on the positive 
half of the cycle, the voltage drop acroSS the 
transformer secondary increases due to the high 
inductive reactance of the transformer resulting 
in a decrease in arc voltage. As the Source Cur 
rent increases, the solenoid 23 increases the dis 
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6 
tance between the carbon rod if and the Weld, 
resulting in a longer arc with consequent in 
crease in voltage drop. When the source voltage 
decreases, the arc current decreases resulting in 
a lower voltage drop across the transformer Sec 
ondary and solenoid and in a consequent rela 
tively higher voltage across the arc Since the arc 
has a negative coefficient of resistance. he de 
Cease in arc Current results in a l'educed ag 
netic attraction on the plunger 8 and a shortened 
distance between the carbon rod li and the 
material to be Welded. The circuit constants aind 
arrangerinent, thereof, in which the above condi 
tions of current and voltage exist provide an are 
which burns for a longer time during each cyade. 
In a typical application of the device in weld 
ing a copper, iron connection arc Cui'rent flowed 
during it b.5% at the initial part of the Welding 
operation and as the Weld progressed current, 
flowed for 81% of a conplete cycle. The vari 
ation in time of current flow in tile arc is due 
to the fact that, during the first few cycles of 
the welding process copper was being neited and 
at about the 17th cycle when current flowed for 
81% of the cycle, iron was being neited which 
required a longer period of time to melt, 
The circuit arrangement additionally pernits 

the carbon rod to vibrate With line firequency dul'- 
ing each cycle when current is flowing in the 
arc. When the magnetic forces of the coil alre 
high enough to overconne the force of Spring 34, 
the carbon rod Starts to move a Way froin the 
material and the amplitude of movernent of the 
carbon iod 7 as the Welding operation is in 
process and its position is a function of tine arc 
current. 
A period of about 40 to 60 cycles is required 

after about 4 to 6 cycles of welding to obtain 
the proper distance for a stable arc On the posi 
tive oi negative half cycle. This operation is 
automatic because the forces to move the caibon 
rod aire a function of the arc current. For 
ample, when the material of the Weld inelts away 
froin the end of the nose or Shield 2, the current, 
decreases because of the increased distance and 
the current in the Soieroid decreases so that re 
ciprocation of the carbcn rod takes place in a 
smaller distance. In this way a reliable arc is 
sustained for a period just Sufficient to neit away 
the material of the joint being welded. 

in the example previously given of a copger 
iron connection, the arc may conduct for a few 
cycles to one material (capper) which when it, 
melts away from the reciprocating carbon rod 
will increase the distance and the arc may then 
conduct for a few cycles to the other mateiriai 
(ii'on). Depending on the current which fows in 
the arc, the vibration of the caibon rod occurs 
in the distance and with an amplitu de Such that 
an optimum stable arc is obtained. This at any 
tine during the Welding process the Solenoid 
automatically adjusts the carbon iod so that a 
stable arc is obtained under all changing condi 
tions during the time the Welding process takes 
place. This is exti'elinely advantageous in view 
of the difficulty of obtaining a stable al'C on altar 
nating current since for each kind and size of 
materiai to be welded only one length of arc 
can be most efficient. Small diameter wires dur 
ing a few cycles and larger diameter Wii'ss cur 
ing a greater number of cycles are Welded in 
the Saine Way and With the same accuracy. 
In one model of the device an arc Cui'ent. Of 

about 12 amperes was used and 55 Voits at the 

z. 4. 

H 
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transformer secondary terminals or 660 volt am 
peres available for the Welding process. 

Fig. 4. ShoWS a nodification of the device, sini 
lar in Structure and operation to Fig. 2 With the 
addition of a pistol grip handle 45 and a trigger 
48 for advancing the electrode, in place of the 
raovable pin 39. The pistol grip has a hollow 
portion. A to accommodate a transformer 5 and 
a passage A8 for conductor 49 which connectS 
transformer 50 to a Source of alternating current. 
The pistol grip, which may be made of any suit 
able material, and wentilated by slots or other 
means has a fanged portion 5 adapted to be at 
tached to the tubular portion of the insulating 
casing by means of a bolt or other fastening 
means 52. The trigger 46 is pivoted at 53 and is 
provided With a slot 5 to permit sliding nove 
iment with relation to the bolt 55 attaching the 
slotted end of trigger A6 to the flanged end 22 of 
sleeve 9. Squeezing the trigger advances the 
electrode in the Sane manner as nowing the pin 
39 in slot Af. The modification shown in Fig. 4 
may be provided With an interchangeable tip as 
shown at A3 or any of the variations of the tip 
Structure shown in FigS. 5, 6, 7 or 8 and operates 
in the same nanner as described in connection 
With Fig. 1 and Fig. 2. 

In order to permait use of the device in local 
tions where nose or shield Structures Such as 
shown in Fig. 2 would be too large and incon 
venient, the structure of Fig. 2 may be modified 
as shown in Eig. 5 wherein the nose of Shield As 
is removed and replaced by the nose piece 56 
which has a central aperture 5 and shoulder 
53 for autting relation. With the casing it. A 
exible tube 59 of conducting materia, is Secured 

at one end thereof Within the central aperture 
as by soldering or other means. The opposite 
end of the flexible conducting tube 59 carries 
a nose piece or Shield 60 of conducting material. 
Located centrally within the tube 59 is a flexible 
conducting member 6, one end of which is coin 
nected to the magnetic plunger 8 and the op 
posite end is connected to a conducting sleeve 
62 which serves as a holder for carbon rod . 
The member 6 is maintained centrally of the 
tube 59 and insulated therefron by insulating 
beads 83 which may be spaced as shown in the 
drawing or disposed along the entire length of 
the member . Upon sliding the pin 39 in Slot 
if the nineinber 6 and carbon rod f is noved 
forward to contact the material and operates 
in the Sane manner as the devices ShoWin in 
Fig. and Fig. 2. 
The device may be used to join insulated wires, 

Such as the eihanneled wire S4, to non-insulated 
wires by means of the arrangement shown in 
Fig. 6 wherein a flexible lead 65 is attached at 
One end by means of a terrinal lug 66 to the 
bolt or Other neans Securing the nose or Shield 
2 in place. The opposite end of lead 65 is at 

tached to a clanping member, Such as an ali 
gator clip 6. In operation the clip 6 is fastened 
to an exposed portion of the non-insulated wire 
68 which may be a lead on a resistor or other 
component, as shown, to insure contact there 
with since with an insulated Wire such as SA 
Wrapped about the non-insulated lead 68 the 
nose or Shield 2 could not rake contact with 
the non-insulated lead 68 thereby preventing 
completion of a circuit. By the arrarigement 
shown in Fig. 6 however, a circuit from the car 
born rod , when it is advanced to contact the 
material to be welded, is completed through lead 
65. When the carbon rod T is advanced to 
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8 
contact the Wires to be Weded, if the carbon rod 
contacts the bare end of the insulated conductor, 
a circuit Will be completed just as well as by con 
tacting the non-insulated lead 68. In the Weld 
ing proceSS which is carried on in the same nan 
ner aS in the devices in Fig. 1 and Fig. 2, the 
insulation is burned off the lead 64. 

Figs. 7 and 8 represent two possible forms of 
partially open nose or Shield structures which 
may be used where such structure is more con 
Venient to make a particular joint in place of 
the closed forms shown in FigS. , 2, 4 and 6. 

he deVice Show in FigS. and 2 could be 
adapted to permit Welding joints On a naaSS pro 
duction basis Such as on an assembly line by 
providing a fixed Support for the device and a 
linkage connection of the pin 33 With a foot, 
lever So that the operator's hands would be free 
to hold the laterial to be Welded and the Weld 
ing operation initiated by operating the foot lever 
to bring the carbon rod in contact with the Work 
to initiate the welding cycle. 

in additio; it is Within the Scope of this in 
Ventioin to riaintain the nowable electrode in 
a fixed position, for example, as by holding the 
pin 3S in a notch in the casing so that a cir 
cuit is completed across the nose or shield 2 
and the carbon electrode by merely moving 
the material to be Weided in contact with the 
IOSe and the electrode. 

The Welding Operation could also be controlled 
by interrupting and Varying the Source voltage 
While raintaining the electrode, shield and na 
terial in a fixed position. It is further contem 
plated that Varying the source will vary the am 
plitude of the vibrating electrode to compensate 
for electrode erosion. 

Fig. 9, CurWeS A, B and C are traces of oscillo 
grams Showing the relation among the 60 cycle 
aiternating line Voltage A, transformer secondary 
Voltage B and arc current C during a few cycles 
When a copper-iron junction was being welded. 
The portions D of curve B represent instances, 
which are relatively few, when no arc current 
fiOWS and the Welding Operation is momentarily 
interrupted as shown on curve C. For this par 
ticular portion of the welding operation, arc 
Current flowed for about 75.5% of the total possi 
bie time during each cycle and this is probably 
a period during which copper in the junction 
was being melted which did not require arc 
Current to flow for aS loing a period during each 
Cycle as When iron in the junction was being 
Iihelted, aS Will be apparent from the curves of 
Fig. 10, which are also for a copper-iron junction 
Wherein arc current fowed for 81% of the total 
pOSSibie tine during each cycle, since it, takes 
a longer period of tirane for the heat to be applied 
to the iron to inelt it than for the copper. Dur 
ing the Welding process the arc completes a cir 
cuit through whichever material offers the path 
of least resistance and the arc may jump from 
one material to another during the welding 
proceSS. In Fig. 10, B represents transformer 
Secondary voltage and C the arc current. Fig. 
10 shows the conditions which existed about the 
17th cycle during the welding of a coppel-iron 
junction. 

it is evident from the curves of Figs. 9 and 10 
that, due to the phase shift as mentioned pre 
viously herein, arc current flows for a period of 
time after the line voltage has reached Zero 
magnitude, which permits improved stability of 
the arc. It is further evident that arc current 
flows for a longer time during each cycle for the 

al 
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period represented by Fig. 10 than for the period 
represented by Fig. 9 since during this latter 
period the iron portion of the junction WaS prob 
ably in contact with the arc for a greater number 
of cycles than in Fig. 9 where copper probably 
was in contact for a greater nuinger of cycles. 
Arc current Will flow for a longer tile during 

each cycle as in Fig. 10 as compared with Fig. 9 
for the further reason that after the Weld has 
progressed for a number of cycles, the mass of 
molten conducting material has increased in size 
and is in a State where the flow of ions in the arc 
from the Weld to the electrode is increased Which 
assists in Stabilizing the arc. While the aoove 
examples are for copper-iron junctions, it is to 
be understood that other metals and combina 
tions of metals, may be welded with the device. 

Fig. 11 shows the phase relation existing anoing 
the arc current, I arc, and voltage, R arc, the 
voltage drop due to the transforrier inductive 
reactance, FacL, the Solenoid voltage drop Ec, and 
the transformer secondary voltage, Et. As shown, 
the arc current and Voltage are in phase, the 
voltage drop due to the transformer inductive 
reactance and the voltage across the Solenoid are 
in phase and the arc current and voltage lag the 
transformer Secondary voltage, Et, by at least 
40. This latter feature of the device contributes 
to the stability of the arc. 

Obviously many modifications and variations 
of the present invention are possible in the light 
of the above teachingS. It is therefore to be 
understood that within the Scope of the appended 
claims the invention may be practiced otherwise 
than as Specifically described. 

the invention described herein may be manu 
factured and used by or for the Government, of 
the United States of America, for governmental 
purposes without the payment of any royalties 
there.On or therefor. 

Having thus fully described the invention, What 
is claimed as new and desired to be secured by 
Letters Patent, is: 

1. A welding device energizable by an alternat 
ing current Source comprising an elongated tubul 
lar casing, an elongated electroconducting shield 
having a central bore and detachably engaging 
One end of Said Casing and adapted to engage the 
Work to be Weided for electrical conduction there 
through, the OppCSite 2nd of said bore being open, 
Said shield and Said casing being axially aligned, 
an elongated electrode having its longitudinal 
axis coincident, with the Oingitudinal axis of said 
Casing and Shield, solenoid means to reciprocate 
Said electrode along its longitudiinal axis, manual 
ineans to 'crinovs said Solenoid with respect, to said 
Shield, said electrode and said shield being in 
Spaced relatioi), Said Solenoid being energized 
conteinporaneously with flow of arc current, 
therethrough to reciprocate said electrode by a 
maSS of conducting imaterial connecting said elec 
trode and Said shield upon novement of said 
electirode into registry with the open end of said 
bore and into contact, with the work. 

2. A Welding device as in claim 1 wherein said 
Shield cornprises a first end section in detachable 
engagement and coaxial with one end of said 
tubular casing, and an opposite conical end see 
tion of Smaller diameter than said first end sec 
tion wherein Said conical section has a portion 
renoved to expose said electrode. 

3. A welding device energizable by aiternating 
Current comprising, an elongated insulating cas 
ing having a first open end and a second open end 
opposite Said first open end, an insulating closure 
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member having a central aperture for insertion 
in Said first open end of Said casing, an insulating 
elongated guide member in ounted for longitudi 
inal movement in Said closure apeiture, a Soleiloid 
having first and Second end caps mounted for 
longitudinal movement within said casing and 
CoaXial therewith, a plunger of magnetic material 
Imounted for longitudinal movement coaxialiy 
with Said Solenoid, a conducting sleeve surround 
ing Said plunger aind attached to said end caps, 
Said plunger having an abutment at one end 
thereof and a recessed portion adjacent thereto, 
adjusting means at the opposite end of said 
plunger extending beyond said apertured closure 
member threadably connected to said insulating 
guide member and detachably secured to said 
plunger, an elongated conducting shield having 
a central bore detachably engaging said second 
Open end of Said casing, Said last narned shield 
being in axial alignment with said casing, an 
insulated guide member fixedly mounted inter 
nally of Said conducting shield, an elongated elac 
trode inserted in said recessed portion of said 
plunger and Supported by said guide for recipro 
cating motion, a first resilient means surround 
ing Said plunger and arranged to bias said plunger 
against the magnetic force of said solenoid, and 
a Second resilient nineans surrounding said first 
resilient means arranged to restrain the free for 
Ward notion of Said Solenoid. 

4. A Welding device as in claim 3 wherein said 
casing is provided with a slot adjacent said secondi 
end Cap, a pin fixedly attached to said second end 
cap and arranged for sliding movement in said 
Slot whereby Said solenoid and said electrode are 
urged forwardly against the restraining action of 
Said Second resilient means. 

5. A Welding device as in claim 4 including in 
combination a transformer in said casing having 
a high leakage reactance whereby a phase lag 
of airc current with respect, to transformer sec 
Ondary voltage is provided. 

6. A Welding device as in claim 4 including a 
flanged insulating member, a conducting washer 
Oil Said member, one face of said flanged insulat 
ing ninenber being in contact with said second 
end cap, Said conducting washer being in contact 
with the opposite face of said flanged insulating 
mefiaber and additionally providing a seat for one 
end of said second resilient means. 

". A Welding device energizable by alternating 
current comprising, an elongated insulating cas 
ing having a first open end and a second open 
end opposite Said first open end, an insulating 
closure member having a central aparture for 
insertion in Said first open end of said casing, a 
Solenoid having first and second end caps 
mounted for Sliding movement within said casing 
and coaxial therewith, a plunger of rhagnetic 
Illaterial nounted for reciprocal movement co 
axially With Said solenoid, a conducting sleeve 
Surrounding Said plunger and attached to said 
end caps, Said plunger having an abutment at 
One end thereof and a recessed portion adjacent, 
thereto, an extension detachably secured to said 
plunger at the end opposite said recess, a fanged 
portion Oil Said extension in contact, with said 
first end cap, an elongated conducting shield 
member having a central bore detachably engag 
ing Said Second open end of said casing, said last, 
nat:hed Shield being in axial alignment, with said 
casing, an insulating guide member fixedly 
iShounited internally of said conducting shield, an 
eloitigated electrode inserted in said recessed por 
tion of Said plunger and supported by said guide 
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for reciprocating motion, a first resilient means 
Surrounding Said plunger and arranged to bias 
Said plunge1 against the magnetic force of Said 
Solenoid, and a second resilient means surround 
ing Said first resilient means restraining the free 
forward motion of said solenoid. 

8. A welding device as in claim Wherein Said 
casing is provided with a slot adjacent said Sec 
ond end cap, a pin fixedly attached to said second 
end cap and arranged for sliding movement in 
said slot whereby Said Solenoid and said electrode 
are urged forwardly against the restraining 
action of Said Second resilient means. 

9. A welding device energizable by an alter 
nating current comprising an elongated insulat 
ing casing open at each end, a substantially coni 
cal conducting shield having a central bore 
detachably Secured to one open end of said cas 
ing and coaxial therewith, an insulating guide, 

20 member fixedly mounted internally of said shield, 
a reciprocating plunger of magnetic material, 
Solenoid means to reciprocate said plunger, a first 
resilient means Surrounding said plunger to bias 
said plunger against the magnetic force of said 25 
Solenoid, a second resilient means surrounding 
Said first resilient means to bias the free forward 
notion of Said solenoid, Stop means on Said inag 
netic plunger to limit the forward motion of said 
plunger, lever means to urge said solenoid and 
said plunger forward against the action of said 
Second resilient means, means to support Said 
Casing, and transformer means within Said Sup 
port means to energize Said device. 

10. A welding device as in claim 9 wherein said 
lever means is pivoted to said support means and 
provided at one end thereof with a pin and slot 
arrangement adapted to be secured to said Sole 
noid whereby pressure applied to said lever means 
urges Said Solenoid and said plunger forward 
against the restraining action of Said Second 
resilient means. 

11. A welding device energizable by alternat 
ing current comprising, an elongated insulating 
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Casing having a first open end and a second open 
end opposite said first open end, an insulating 
closure having a central aperture for insertion 
in Said first open end of said casing, Solenoid 
means mounted for longitudinal movement 
Within said casing and coaxial therewith, a 
plunger of magnetic material mounted for longi 
tudinal novelinent coaxially with said Soienoid, 
Said plunger having a recessed portion at one end 
thereof, a conducting closure member having a 
central bore positioned within Said second open 
end of Said casing, said last named closure being 
in axial aligninent with said casing, a flexible 
Conducting tubular inenber fixedly attached at 
one end within the central aperture of said con 
ducting closure member, a substantially conical 
conducting shield fixedly secured to the opposite 
end of said flexible conducting tubular member, 
a flexible conducting cable secured at one end 
Within the recessed portion of said plunger and 
Secured to a tubular conducting member at the 
Opposite end thereof, an electrode inserted within 
said tubular conducting member, said flexible 
conducting Cable being coaxial with said flexible 
tubular conducting member and in spaced rela 
tion thereto, insulating beads arranged concen 
trically with said flexible conducting cable to in 
Sulate said cable from the surrounding flexible 
tubular conducting member and said shield, a 
first resilient means surrounding said plunger to 
bias Said plunger against the magnetic force of 
Said Solenoid, a second resilient means surround 
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ing Said first resilient means and adapted to 
restrain the free forward motion of said Solenoid, 
and means urging said solenoid, flexible cable and 
electrode forwardly against the restraining force 
of Said second resilient means. 

12. A welding device as in clain, 11 wherein 
said casing includes a slot adjacent one end of 
said solenoid and a pin fixedly secured to the 
same end of said solenoid and arranged for slid 
ing notion within said slot whereby said Solenoid, 
fiexible cable and electrode are urged forward 
against the restraining action of Said Second 
I'esilient (neans. 

13. In a magnetically operated welding device 
energizable by an alternating current Source, a 
high leakage reactance transformer having a pri 
inary and secondary Wilding, a Solenoid, a recip 
rocative imaginetic plunger coaxial With said sole 
inoid, Solenoid resilient restraining means, means 
including a conducting washer for seating one 
end of said restraining means, an electrode affixed 
to one end of said piunger and coaxial thereWith, 
a conducting Shield Surrounding Said electrode 
and coaxial therewith, means providing relative 
in ovement between the Solenoid and Said shield, 
an insilating guide fixedly secured within Said 
shield whereby said electrode is maintained in 
spaced relation to said shield, a resilient contact 
member in continuous engagement with said 
plunger, one terminal of said transformer sec 
ondary winding being connected to one terminal 
of said solenoid, the other terminal of said Sole 
noid being connected by means of said resilient 
contact to the reciprocative magnetic plunger, the 
other terminal of said secondary winding being 
connected to Said resilient restraining ineans 
through said conducting Washer, Said resilient 
restraining means being connected to Said Con 
ducting shield, whereby when a mass of conduct 
ing material cornpletes a circuit a CrOSS Said elec 
trode and said shield, a current Will flow through 
said shield, said resilient restraining means, said 
conducting washer, said transformer secondary 
winding, said Solenoid to said plunger and elec 
trode through said resilient contact and thence 
to said shield through the arc thus formed there 
by providing reciprocating motion for said elec 
trode at Source frequency. 

14. A welding device energizable by alternating 
current including a ?iagnetically reciprocative 
plunger having an elect:"ode fastened thereto, a 
Solenoid adapted for linear in ovenient and carry 
ing said electrode, a transformer, electroconduc 
tive means Shieldiing Said electrode and arianged 
in spaced relation thereto for eingagement With 
the work to be Welded to provide conduction 
therethrough to said electrode, means providing 
for controlled movement of the solenoid, resilient 
biasing means for Said plunger, a na SS of Con 
ducting naterial effective to establish an arc be 
tween said shielding means and said electrode, 
the transformer secondary being in series connec 
tion with said solenoid and said arc through said 
Shielding and biasing neans and said plunger, 
thereby providing reciprocating motion for said 
magnetic plunger and attached electrode upon 
striking of said arc and maintained thereby with 
flow of arc current. 

15. A method of Weiding Which comprises the 
steps of urging a first reciprocable electrode for 
ward to a position in arc striking adjacency with 
electrical conductive inaterial to be welded which 
is in contact with a second electrode of a welding 
circuit thereby completing a circuit through said 
reciprocable electrode and the second electrode by 
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Sinn ultaneous contact, of both electrodes with the 
In&ss of conductive material, initiating the weld 
ing operation by controlled reciprocation of Said 
first named electrosie, thereafter continuously re 
ciprocating said electrode within piedeter:nined 
limits of travel in correlation with the magnitude 
of arc current flow therethrough, and terminat 
jing said Welding operation by diminution of said 
inass of conducting material beyond the inits 
of reignition travel of the snowable electrode there 
by Opening the circuit across the electrodes. 

16. Trn an arc welding device foi joining electri 
cal wiring junction elements by mutual fusion, in 
Corabination, a casing having an apertured elec 
tirically coiaductive nose portion, an electrically 
conductive arc drawing electrode longitudinally 
Inovable within said casing, said electrode being 
insulated from said nose portion and adapted for 
noverneit through the aperture thereof, a Sole 
noid unit disposed within said casing and linearly 
Inovable with respect thereto, means yieldably 
urging said solenoid away from said nose portion, 
a carrier for said electrode adapted for controlled 
in overient, by the Solenoid and with respect there 
to and to said nose portion, means yieldably bias 
ing said carrier and electrode to a wire engaging 
position a diage;at Said nose with movement of the 
Solenoid, and means on said casing and engaging 
the Solenoid for controlled movement thereof 
Whereby the electrode noved therewith engages 
the Wire junction elements for arc initiation cur 
rent flow. 

17. The device of clain 16 in combination with 
manual grip means on said casing, and lever ac 
tating means cooperative With Said last named 
means for Solenoid movement which complises, 
manipulative means rendered operative when said 
device is hand held by said grip and for moving 
the Soleroid fron a normally retracted position to 
an arc Striking position, thereafter to maintain 
said solenoid in a manner whereby the electrode 
position after Striking of the arc becomes a func 
tion of the arc Current fiOWing in the Solenoid fron 
the casing nose portion conductor through a por 
tion of the Wire junction to the movable electrode, 
Said Solenoid being series connected through said 
electrode and adapted for connection across the 
secondary terminals of a low impedance high 
leakage reactance transformer for a phase lag 
of arc current With respect to transformer second 
ary voltage to maintain said arc constant with 
solenoid positioning by said manipulative means 
until the completion of fusion of the junction 
metals. 

18. In an arc welding device for joining junc 
tion elements by mutual fusion, in combination, a 
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work engaging electro-conductive shell electrode, 
an electically conductiig are diaWiing eiectrode 
coaxially arranged for longitudiinai movement 
within said shell electrode, a linearly movable 
Solenoid. In ears adapted to realiprocate Said now 
able electrode in response to foW of arc current 
therethrough, biasing neans horinally uirging the 
solenoid in a direction away from the said junc 
tion to be welded, lineans normally biasing the 
nowable electrode toward the junction, and lineans 
for advancing the Scienoid and electrode into an 
arc striking relationship with said junction for 
welding inereof. 

19. A method of weiding electiiga circuit Wir 
ing junctions which coilipiisas the steps of posi 
tioning a first electrode of a, Weidig circuit in 
electrical contact With the Wiiring junction to be 
welded, positioning a secons welding electrode 
in cointact with said junction, Striking an arc 
betwee:n Said Second electrodie and the junction, 
thereafter continuously naintaining said Second 
electrode within predeterrained inits of travel 
and in corelation with the iow of arc current 
therethrough, a nd extinguishing arc by 
fusion erosion of Said junction Out of arc main 
taining relationship with said vibrating electrode. 

20. A method of arc welding electrical circuit 
connections froii. 31. A. C. powei Source Which 
comprises the steps of positioning a first elec 
trode of a welding circuit in electrical contact 
with a portion of the connection, advancing a 
second movable welding electrode into contact 
With the connection, initiating an arc therebe 
tween, providing controlled reinitiation of the 
arc with cyclic extinguishing changes in the 
power source, establishing a predetermined arc 
gap within predeterinined inits of electrode 
movement with each re-establishinent, Cf the arc 
and controlled in correlation with the flow mag 
nitude of arc current, and finally extinguishing 
the arc at the completion of the Weid correlative 
With fusion erosion of the connection beyond 
the predetermined linits of novement of the 
movable electrode. 
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